1. Introduction {#sec1}
===============

Mineral acids are, particularly hydrochloric acid, commonly used in numerous industrial applications, such as, acid pickling, acid descaling, and other petrochemical processes \[[@bib1], [@bib2]\], which causes serious corrosive damage of the steel materials. The use of corrosion inhibitors is the most effective method to protect the metal from corrosion \[[@bib3], [@bib4], [@bib5]\]. Organic compounds commonly serve as inhibitors and inhibit metal from corrosion by a protective layer formed on the metal surface due to their active centers, especially heteroatoms (N, S and O) and double/triple bonds which concerning their interaction with the metal surface \[[@bib6], [@bib7], [@bib8], [@bib9], [@bib10]\]. Moreover, ionic liquids are molten salts contain organic cation and different anion, which could be melt at/or below room temperature \[[@bib11], [@bib12]\]. The ionic liquids are also employed as green and sustainable replacements for volatile organic compounds due to their physicochemical properties \[[@bib13]\]. Recently, ionic liquids have been utilized as inhibitors to prevent metal corrosion in acidic media \[[@bib14], [@bib15], [@bib16], [@bib17]\]. It was interpreted that the adsorption of such inhibitors on the metal surface relies upon the specific interactions \[[@bib18], [@bib19]\] due to free electrons, C=N- group, the electron density of the nitrogen atom and high alkyl chain length present in the molecule \[[@bib20], [@bib21], [@bib22]\].

Imidazole based ionic liquids is one of the most important classes of ionic liquids as they have numerous advantages such as safety, low cost, non-toxic, biodegradable, soluble in water, strong adsorption on metal and high protection efficiency \[[@bib23]\]. Generally, inhibition performance of imidazole based ionic liquids depends on their alkyl chain length and their size \[[@bib24]\]. By increasing the number of the alkyl chain, the corrosion rate decreases in the presence of the inhibitor indicate inhibitor adsorption on the metal surface and thus inhibits metal from corrosion \[[@bib25]\]. Also, the presence of free nitrogen atom in an imidazole compound develops a film on the metal surface which is usually hydrophobic, thus the hydrophobic film reduces the attack by the chloride ions or any corrosive environment on the metal surface. These can be added as effective corrosion inhibitors in fire water which contain mostly chloride ions is the proposed recommendation for corrosion protection of entire fire water piping services \[[@bib26]\].

From the above observations, we report the inhibition of mild steel in 1M HCl medium using two imidazolium ionic liquids namely, 3-hexadecyl-1-methyl-1H-imidazol-3-ium bromide \[C~16~M~1~Im\] \[Br\] and 3-hexadecyl-1,2-dimethyl-1H-imidazol-3-ium bromide \[C~16~M~2~Im\] \[Br\]. This study is to examine the effect of increased numbers of the methyl group substituent in imidazolium ionic liquids with high alkyl chain length on the protection capacity against corrosion of mild steel. The performance of the inhibition was studied by the weight loss method at different temperature. The Langmuir adsorption isotherm was used to give evidence to inhibitors adsorbed on mild steel. UV spectra used to study the interaction between inhibitors and mild steel. SEM-EDAX and AFM study were used to study the changes that occur on the metal surface with and without inhibitors. The chemical structures of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] were shown in Figures [1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}.Figure 1Chemical structure of \[C~16~M~1~Im\] \[Br\].Figure 1Figure 2Chemical structure of \[C~16~M~2~Im\] \[Br\].Figure 2

2. Experimental section {#sec2}
=======================

2.1. Materials and methods {#sec2.1}
--------------------------

A corrosive test solution of 1M HCl was prepared using an analytical grade of HCl at 36% with distilled water. The elemental composition of mild steel was analyzed by an optical emission spectrometer (in % by weight) chosen in the present study given in [Table 1](#tbl1){ref-type="table"}. The size of mild steel used for weight loss and electrochemical studies is rectangular in shape with dimension of 10 × 4 × 2 cm^2^, while for the surface study\'s cubic size with a dimension of 1 × 1 cm^2^ were used. The mild steel samples were abraded with the sandpaper grade (400--1200), cleaned with acetone, rinsed with double distilled water, finally dried and weighed.Table 1The chemical composition of the studied mild steel specimen (in weight %).Table 1CMnPSiCrSFe0.0671.650.020.1450.1980.006Balance

2.2. Synthesis of inhibitors {#sec2.2}
----------------------------

The synthesis of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] was prepared according to the previous literature \[[@bib27]\]. The products were characterized by ^1^H NMR and FT-IR spectroscopy \[Figures [3](#fig3){ref-type="fig"}, [4](#fig4){ref-type="fig"}, and [5](#fig5){ref-type="fig"}\].Figure 3^1^H NMR of \[C~16~M~1~Im\] \[Br\].Figure 3Figure 4^1^HNMR of \[C~16~M~2~Im\] \[Br\].Figure 4Figure 5FT-IR spectra of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\].Figure 5

### 2.2.1. Preparation of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] {#sec2.2.1}

1-methyl imidazole or 1,2-dimethyl imidazole (10 mmol) was mixed with 35mL of CH~3~CN by stirring continuously. (12 mmol) of 1 bromohexadecane was added into the above stirred solution drop wise. The mixed solution was heated to 80 °C and was refluxed for 48 h with continuous stirring in N~2~ atmosphere. The crude product was washed a few times with dry acetonitrile and dried overnight under a vacuum at 70 °C. The corresponding synthetic route was shown in [Scheme 1](#sch1){ref-type="fig"}.Scheme 1Synthesis scheme of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\].Scheme 1

\[C~16~M~1~Im\] \[Br\]: ^1^H NMR (500 MHz, DMSO) δ 9.05 (s, 1H), 7.70 (s, 1H), 7.63 (s, 1H), 4.12 (t, *J* = 7.2 Hz, 2H), 3.83 (s, 3H), 1.79--1.69 (m, 2H), 1.19 (s, 29H); IR (cm^−1^) 3065(C--H), 1461--1627(C=C), 1167(C--N). \[C~16~M~2~Im\] \[Br\]: ^1^H NMR (500 MHz, DMSO) δ 7.59 (m, 2H), 4.07 (t, *J* = 7.2 Hz, 2H), 3.74 (s, 3H), 2.55 (s, 3H), 1.66 (m, 2H), 1.38--0.99 (m, 29H); IR (cm^−1^) 3049(C--H), 1461--1580 (C=C), 1111(C--N).

2.3. Weight loss studies {#sec2.3}
------------------------

Weight loss experiments have been carried out on mild steel specimens, which were immersed in 100ml of 1M HCl solution with and without five different concentrations of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] for 1 h at different temperatures (298K, 308K, 318K and 328K). After 1 h, the immersed mild steel samples were removed, washed and re-weighed. From the weight difference values used to calculate for corrosion rate (CR) and inhibition efficiency (IE %) from the following equations,$$IE\ \left( \% \right) = \frac{W_{B} - W_{I}}{W_{B}} \times 100$$$$CR\left( {mmpy} \right) = \frac{87.6\  \times W}{ATD}$$Where, W~B~ and W~I~ are the weight loss values for mild steel in 1M HCl in the absence and presence of inhibitors. W is the weight loss in mg, A is the immersed area of the mild steel sample (cm^2^), T is the immersion period in an hour and D is the density of the used metal sample.

2.4. Electrochemical studies {#sec2.4}
----------------------------

Electrochemical studies were performed using Bio-Logic SP 300 through a conventional three electrode system which has a mild steel sample as a working electrode, platinum wire and Hg/HgCl~2~ become counter and reference electrodes respectively. These electrodes were immersed in 1M HCl at different concentrations of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\], separately. Polarization experiments were performed from a potential range of ±250 mV at a scanning rate of 1 mV/S. Impedance experiments were performed in the frequency range from 100000 HZ to 0.010 HZ by using amplitude of 10mV. The results have been fitted with EC Laboratory software.

2.5. UV analysis {#sec2.5}
----------------

The UV-Visible spectra of the inhibitor solution were recorded before and after immersion in mild steel. The formation of the metal-inhibitor complex was studied using UV-Visible spectrometry (UV-Visible spectrophotometer of the double beam laboratory instrument by Labmann Pvt. Ltd).

2.6. Surface analysis {#sec2.6}
---------------------

Surface studies were carried out using high-resolution field emission scanning electron microscope (FESEM) FEI quanta FEG 200 with an energy dispersive X-ray analyzer. Scanning electron microscopy (SEM) used to study the surface morphology of the mild steel specimen in the absence and presence of 250ppm of inhibitors for 1hour at room temperature. Energy dispersive X-ray analyzer (EDAX) was used to study the chemical composition of the test specimens. Atomic force microscopy (AFM) studies were performed using the Scanning Probe Microscope 5100 Pico LE (Agilent Technologies).

3. Results and discussions {#sec3}
==========================

3.1. Weight loss experiment {#sec3.1}
---------------------------

### 3.1.1. Effect of inhibitor concentration {#sec3.1.1}

From the weight loss experiments, the calculated values of the corrosion rate (CR) and the inhibition efficiency (IE %) were attained with the addition of different concentrations of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] after 1h immersion of mild steel in 1M HCl at 298K are listed in the [Table 2](#tbl2){ref-type="table"}. Before and after 1h immersion of the mild steel specimen are shown in [Figure 6](#fig6){ref-type="fig"}. The values of inhibition efficiency, increased with increasing inhibitor concentration, which due to increasing the concentration of inhibitor raised the availability of heteroatom such as N, methyl substituent and imidazole ring, which supports the highest concentration of used inhibitors effectively covered on the metal surface. On the other hand, increasing concentration of inhibitor decreased the corrosion rate because in the presence of inhibitor could affect either or both metal dissolution and hydrogen evolution processes \[[@bib28]\]. The highest inhibition efficiency of 90.67% and 95.35% respectively at 500ppm of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\]. Inhibitor \[C~16~M~2~Im\] \[Br\] achieved the higher inhibition efficiency due to the presence of additional methyl group substituents with respect to the \[C~16~M~1~Im\] \[Br\]. It is remarkable that \[C~16~M~2~Im\] \[Br\] is strongly adsorbed on the metal surface than \[C~16~M~1~Im\] \[Br\]. \[C~16~M~2~Im\] \[Br\] of increased methyl substituent can effectively protect corrosion due to increase in electron density of inhibitor molecule. Therefore, this compound is more stable and inhibits the metal surfaces \[[@bib29], [@bib30]\]. Compared to the previous literature, the imidazolium based corrosion inhibitors listed in the [Table 3](#tbl3){ref-type="table"}, \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] shows better inhibition efficiency. These phenomena are related to the effect of methyl substituent, high alkyl chain length and the heteroatom present in the inhibitors.Table 2Weight loss results of mild steel in 1M HCl with and without different concentrations of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] at different temperatures.Table 2Inhibitor (ppm)298K308K318K328KCR (mmpy)IE (%)CR (mmpy)IE (%)CR (mmpy)IE (%)CR (mmpy)IE (%)BLANK4.79-5.90-6.90-7.91-\[C~16~M~1~Im\] \[Br\]502.11 ± 0.0555.812.78 ± 0.0252.833.67 ± 0.0646.774.34 ± 0.0345.071001.78 ± 0.0362.792.45 ± 0.0458.503.23 ± 0.0653.243.67 ± 0.0253.521501.33 ± 0.0372.092.00 ± 0.0266.042.67 ± 0.0761.293.23 ± 0.0259.152000.89 ± 0.0181.401.67 ± 0.0171.702.22 ± 0.0467.743.00 ± 0.0661.972500.44 ± 0.0290.671.11 ± 0.0281.131.89 ± 0.0172.582.67 ± 0.0466.20\[C~16~M~2~Im\] \[Br\]502.00 ± 0.0858.142.67 ± 0.0254.723.34 ± 0.0851.614.23 ± 0.0546.481001.22 ± 0.0274.412.34 ± 0.0960.383.00 ± 0.0756.453.56 ± 0.0854.931501.00 ± 0.0779.071.78 ± 0.0769.812.56 ± 0.0462.903.12 ± 0.0260.562000.78 ± 0.0783.721.56 ± 0.0273.582.11 ± 0.0169.352.67 ± 0.0766.202500.22 ± 0.0495.351.00 ± 0.1183.021.67 ± 0.0375.812.22 ± 0.0271.83Figure 6a) Before and b) after immersion Mild steel specimens.Figure 6Table 3Comparison study of inhibition efficiency of \[C~16~M~1~Im\]\[Br\] and \[C~16~M~2~Im\]\[Br\] with the previous literature data as a corrosion inhibitor for mild steel in HCl solution.Table 3InhibitorMediumIE (%)Ref\[C~16~M~1~Im\] \[Br\]1M HCl90.6Present work\[C~16~M~2~Im\] \[Br\]1M HCl95.5Present work3-(3-phenylpropyl)-1-propyl-1H-imidazol-3-ium bromide1M HCl92.3\[[@bib33]\]3-(4-phenoxybutyl)-1-propyl-1H-imidazol-3-ium bromide1M HCl94.2\[[@bib33]\]1-butyl-3-methylimidazolium bromide1M HCl56.5\[[@bib34]\]1-hexyl-3-methylimidazolium bromide1M HCl85.5\[[@bib34]\]1-vinyl-3-aminopropylimidazolium hexafluorophosphate1M HCl86.9\[[@bib35]\]1-vinyl-3-aminopropylimidazolium tetrafluoroborate1M HCl63.9\[[@bib35]\]

### 3.1.2. Temperature effect {#sec3.1.2}

The values of inhibition efficiency from weight loss experiments at different temperature (298K, 308K, 318K & 328K) are presented in [Table 2](#tbl2){ref-type="table"}. From the [Table 2](#tbl2){ref-type="table"}, the efficiency of the inhibitory molecules depends on their concentration and temperature \[[@bib31]\]. The inhibition efficiency of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] on mild steel was found to be reduced with rising temperatures. This can be described by the disruption of inhibitors of metal surface. The inhibition efficiency decreases up to 328K temperature suggests physical adsorption occurrence between the studied inhibitors and mild steel \[[@bib32]\]. Hence the inhibitors attained maximum inhibition efficiency at 298K. In addition the corrosion rate values favoured the corrosion inhibiting nature of the inhibitors.

### 3.1.3. Adsorption isotherm {#sec3.1.3}

The adsorption isotherm study interprets the interaction between the inhibitory molecules and the metal surface. Surface coverage values (Ɵ) of weight loss experiments were used to study the adsorption isotherm (Temkin, Freundlich and Langmuir) and it was found that they obey Langmuir adsorption isotherm. The graph of the C/Ɵ VS concentration of the inhibitor yielded a straight line shown in [Figure 7](#fig7){ref-type="fig"}. The K~ads~ values of used inhibitors were calculated by the following equation,$$\frac{C}{\theta} = \frac{1}{K_{ads}} + C$$Where C is the concentration of the inhibitor, Ɵ is the surface coverage and K~ads~ represents the equilibrium constant of adsorption. K~ads~ value is calculated from the intercept of the [Figure 7](#fig7){ref-type="fig"}. The high value of K~ads~ obtained for use inhibitors reflects efficient adsorption. The K~ads~ value is higher for \[C~16~M~2~Im\] \[Br\] indicates their adsorption capability of mild steel surface was stronger than \[C~16~M~1~Im\] \[Br\]. From the [Table 4](#tbl4){ref-type="table"}, clearly shown K~ads~ decrease with increasing temperature, which indicates adsorbed inhibitors on a metal surface that can be desorbed with rising temperatures.Figure 7Langmuir adsorption isotherm of a) \[C~16~M~1~Im\]\[Br\] (R^2^ = 0.9943) b) \[C~16~M~2~Im\]\[Br\] (R^2^ = 0.9982) on mild steel surface in 1M HCl at room temperature.Figure 7Table 4K~ads~ and ΔG^0^~ads~ of adsorption of mild steel in 1M HCl with \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] at different temperatures.Table 4Inhibitor (ppm)T (K)K~ads~ (L g^−1^)ΔG^0^~ads~ (KJmol^−1^)\[C~16~M~1~Im\]\[Br\]29816.8890-16.9530817.5685-17.6231816.2258-17.9832820.0964-19.13\[C~16~M~2~Im\]\[Br\]29822.1533-17.6230818.9071-17.8131818.6115-18.3132817.1556-18.70

The free energy of adsorption (ΔG^0^ads) can be calculated by following equation,$$\text{ΔG}{^\circ}\text{ads} = - \text{RT~ln}\left( 55.5\text{~K}_{\text{ads}} \right)$$Where R is the universal gas constant, T is the absolute temperature in K and the 55.5 value represents the concentration of water solution in mol L^−1^. Generally, ΔG^0^~ads~ values of -20 K J mol^−1^or less are responsible for electrostatic interaction between the inhibitor and mild steel surface (physisorption) and the values of -40 K J mol^−1^or more negative are responsible for charge transfer between inhibitor and mild steel surface (chemisorption) were demonstrated by yesudass et al \[[@bib36]\]. In this present work, the obtained value of ΔG^0^~ads~ is lower than -20 K J mol^−1^, which indicates physical adsorption. Therefore, it is concluded that the studied inhibitors were physically adsorbed on the metal surface. Meanwhile, the negative values of ΔG^0^~ads~ for the inhibitors provide spontaneous adsorption process occurring on the mild steel surface. The inhibition efficiency decreases with increase in temperature, which is attributed due to physisorption of inhibitor molecules mainly depends on the electron density of the donor atom and the structure e molecule \[[@bib37]\]. The physisorption is further confirmed from adsorption isotherm.

3.2. Potentiodynamic polarization studies {#sec3.2}
-----------------------------------------

Polarization curves for mild steel in 1M HCl in the presence and absence of different concentrations of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] into the 1M HCl medium at 298K are shown in [Figure 8](#fig8){ref-type="fig"}. The Polarization parameters including the corrosion potential (E~corr~), corrosion current density (I~corr~), cathodic tafel slope (β~c~), anodic tafel slope (β~a~) and the inhibition efficiency (IE %) were listed in [Table 5](#tbl5){ref-type="table"}. The inhibition efficiency (IE %) is calculated using the following equations,$$IE\ \left( \% \right) = \frac{I_{corr}' - I_{corr}}{I_{corr}\ '} \times 100$$Where, I~corr~^׳^ and I~corr~ are mild steel in 1M HCl in the absence and presence of various concentrations of inhibitors, respectively.Figure 8Polarization curves for mild steel in 1M HCl in the absence and presence of different concentrations of a) \[C~16~M~1~Im\] \[Br\] and b) \[C~16~M~2~Im\] \[Br\].Figure 8Table 5The potentiodynamic polarization parameters for mild steel in 1M HCl in the presence and absence of different concentrations of inhibitors.Table 5Inhibitor (ppm)E~corr~ (mV)I~corr~ (μAcm^−2^)β~a~ (mVdec^−1^)β~c~ (mVdec^−1^)IE (%)BLANK-429254.737488-\[C~16~M~1~Im\]\[Br\]50-444192.45363524.40100-432106.17322158.26150-41983.10403067.32200-41867.69342673.62250-45254.59313378.74\[C~16~M~2~Im\]\[Br\]50-450186.10413626.77100-409122.21343151.96150-406107.08384257.87200-40578.30323469.29250-40033.17403587.12

I~corr~ values decrease with the addition of increasing inhibitor concentrations, this suggests the inhibiting nature of C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\]. From the figure and table, there is no significant change in the values of anodic and cathodic Tafel slopes, suggesting that the used inhibitors are mixed type and protect the metal from corrosion by blocking the active sites of the metal surface. According to the literature, a shift in E~corr~ values is more than 85 mV with respect to E~corr~ of the blank, the inhibitor was considered as a cathodic or anodic type and the shift is less than 85mV, the inhibitor can be considered as a mixed type \[[@bib38]\]. In the present work studied inhibitors, E~corr~ value shift was observed at positive side, the displacement was not more than 85mV, which reveals that studied inhibitors are mixed type but predominantly exhibited anodic. The highest inhibition efficiency of 87.12 % was obtained by \[C~16~M~2~Im\] \[Br\] and the lowest inhibition efficiency of 78.74% were attained by \[C~16~M~1~Im\] \[Br\]. Inhibition efficiency was found to be the following order, \[C~16~M~1~Im\] \[Br\] ˂ \[C~16~M~2~Im\] \[Br\].

3.3. Electrochemical impedance spectroscopy {#sec3.3}
-------------------------------------------

Impedance spectroscopy and bode plots for mild steel immersed in 1M HCl in the absence and the presence of various concentrations of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] respectively shown in Figures [9](#fig9){ref-type="fig"} and [10](#fig10){ref-type="fig"}. In the presence of an inhibitor, the size of the semicircle is greater than that of the uninhibited system. From the figure, it is clearly seen that the size of the semicircle increased with increasing concentration of inhibitors. This revealed that the mild steel specimen was protected against corrosion in the inhibited system. This shows an increase in R~ct~ values \[[@bib39]\]. From the bode plots shown in [Figure 10](#fig10){ref-type="fig"}, we found that only one time constant exists for \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\], due to the fact that only one phase angle peak close to more negative directions as the result of increasing inhibitor concentrations. This was attributed to inhibitor molecules adsorbed on the mild steel surface. Meanwhile, the more negative phase angle value indicates the greater inhibitive behavior due to the high concentration of inhibitor molecules adsorbed. The impedance parameters double layer capacitance (C~dl~), charge transfer resistance (R~ct~) and inhibition efficiency (IE %) are listed in [Table 6](#tbl6){ref-type="table"}. The inhibition efficiency and the double layer capacitance values are calculated by the following equations$$C_{dl} = \ \frac{1}{2\pi f_{max}R_{ct}}$$$$IE\ \% = \frac{R_{ct}^{'} - R_{ct}}{R_{ct}'} \times 100$$Where f~max~ is the maximum impedance frequency, R~ct~' and R~ct~ are the charge transfer values with and without inhibitors respectively.Figure 9Nyquist plots obtained for mild steel in 1M HCl without a) Blank, and with different concentrations of b) \[C~16~M~1~Im\] \[Br\] and c) \[C~16~M~2~Im\] \[Br\].Figure 9Figure 10Bode and phase angle diagrams of mild steel in 1M HCl with and without different concentrations of \[C~16~M~1~Im\] \[Br\] (a and b) and \[C~16~M~2~Im\] \[Br\] (c and d).Figure 10Table 6Impedance parameters for mild steel in 1M HCl in the presence and absence of different concentrations of two inhibitors.Table 6Inhibitor (ppm)C~dl~ (μFcm^−2^)R~ct~ (Ωcm^2^)IE (%)BLANK0.03812.59-\[C~16~M~1~Im\] \[Br\]500.01763.7530.931000.00657.3364.661500.002114.2881.862000.002114.2781.852500.001318.7186.15\[C~16~M~2~Im\] \[Br\]500.001910.0274.151000.001313.9781.461500.001116.3084.112000.000820.9187.612500.000624.3989.38

As shown in the table, the R~ct~ values are high for mild steel in 1M HCl in the inhibited system, illustrating the inhibitor layer formed on the mild steel surface due to the charge transfer process. Furthermore, C~dl~ values decrease with increasing inhibitor concentration, which is attributed to that inhibitors get adsorbed on the mild steel surface \[[@bib40]\]. As a result inhibition efficiency, increased with increasing inhibitor concentrations and reached 89.38% for \[C~16~M~2~Im\] \[Br\] and 86.15% for \[C~16~M~1~Im\] \[Br\]. The order of inhibiting ability is \[C~16~M~2~Im\] \[Br\] \> \[C~16~M~1~Im\] \[Br\] which may be assigned to the structure of the inhibitor \[[@bib41]\]. These results suggest a protective layer formed on the metal surface. The obtained results from impedance spectroscopy agree with the polarization and the weight loss studies.

3.4. UV analysis {#sec3.4}
----------------

UV-Visible spectroscopy used to study the interaction between metal and inhibitor molecules. The UV spectrum of the synthesized inhibitors before and after a 1hour immersion of mild steel in 1M HCl solution is shown in [Figure 11](#fig11){ref-type="fig"}. All the inhibitors and the inhibited system show a peak at 200--300 nm, which are due to π→π∗ transitions \[[@bib42]\]. These transitions exits confirm the formation of the \[mild steel-Inhibitor\] complex on the mild steel surface \[[@bib43]\]. This supports the formation of protective films by \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] due to its active centers on the mild steel surface.Figure 11UV spectra of studied inhibitors (a) before, and (b) after immersion of mild steel in 1M HCl.Figure 11

3.5. SEM {#sec3.5}
--------

Scanning electron microscopy was performed to observe the morphology of the metal surface. The mild steel exposed to 1M HCl solution without and with \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] after 1hour immersion at room temperature is shown in [Figure 12](#fig12){ref-type="fig"}. Mild steel in 1M HCl without inhibitor ([Figure 12](#fig12){ref-type="fig"}a) is rough and porous, indicating that the mild steel surface has been severely damaged by the acid attack. On the other hand, the damages are reduced and a smooth surface was observed in the presence of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] [Figure 12](#fig12){ref-type="fig"}b and c demonstrates the formation of a protective layer of adsorbed inhibitor molecules in the mild steel specimen.Figure 12SEM images of mild steel samples: a) after 1h immersion in 1M HCl, b) after 1h immersion in 1M HCl with 250ppm \[C~16~M~1~Im\] \[Br\] and c) after 1h immersion in 1M HCl with 250ppm \[C~16~M~2~Im\] \[Br\].Figure 12

3.6. EDAX {#sec3.6}
---------

EDAX spectra were used to determine the percentage of elements present in the inhibited and uninhibited mild steel surface. The [Figure 13](#fig13){ref-type="fig"}a shows EDAX of mild steel in 1M HCl without inhibitor shows O and Cl signals due to the corrosion products (FeO.n H~2~O and/or FeCl~2~.n H~2~O) formed on the metal surface. The Fe wt% is 70.09 which is less than the inhibited system; this reveals the mild steel surface has been affected in the test solution. On the other hand, the EDAX spectra of [Figure 13](#fig13){ref-type="fig"}b and c the best system (mild steel contains 250ppm of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\]) shows the appearance of the N signal of inhibitory molecules. This indicates mild steel surface was covered by inhibitors that can able to protect metal corrosion. Furthermore, peaks of O and Cl do not appear, and high Fe contents also observed which the system inhibits. The above terms confirm the anticorrosive behavior of prepared inhibitors effectively protect mild steel against corrosion.Figure 13EDAX of mild steel surface: a) after 1h immersion in 1M HCl, b) after 1h immersion in 1M HCl with 250ppm \[C~16~M~1~Im\] \[Br\] and c) after 1h immersion in 1M HCl with 250ppm \[C~16~M~2~Im\] \[Br\].Figure 13

3.7. AFM {#sec3.7}
--------

AFM images of the mild steel immersed in the absence and presence of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] in 1M HCl are shown in [Figure 14](#fig14){ref-type="fig"}. The calculated average surface roughness values are listed in [Table 7](#tbl7){ref-type="table"}**.** The mild steel specimen in the test solution without inhibitor (1M HCl) displays an 84.0063 nm surface roughness ([Figure 14](#fig14){ref-type="fig"}a). Whereas mild steel immersed in the presence of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] ([Figure 14](#fig14){ref-type="fig"}b and c), the surface roughness is 59.6871 nm and 50.4605 nm, it was reduced from the blank solution 84.0063 nm. Inhibitive metal surface was improved due to the protective film formed. This tells uninhibited mild steel specimen surface was very rough without inhibitor due to acid attack. This suggests \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] inhibitors prevent the metal from acid attack.Figure 14AFM of mild steel in (a) 1M HCl, (b) 1M HCl + \[C~16~M~1~Im\] \[Br\] and (c) 1M HCl + \[C~16~M~2~Im\] \[Br\].Figure 14Table 7Average surface roughness values of mild steel in different medium.Table 7SampleSa (nm)1M HCl84.00631M HCl + \[C~16~M~1~Im\] \[Br\]59.68711M HCl + \[C~16~M~2~Im\] \[Br\]50.4605

3.8. Mechanism of inhibition {#sec3.8}
----------------------------

Generally, the adsorption process of inhibitors may depend on the size and structure of inhibitor, π electrons in the ring, unshared electrons in the heteroatom, double bond present in the C=N. These factors act as an active center for inhibitor molecules adsorb on mild steel. The adsorption of inhibitors could be considered as either physical or chemical adsorption and mixed type of both physical as well as chemical adsorption take place in the process \[[@bib44]\]. First, the physical adsorption is the interaction of two charged species. Later chemical adsorption occurs charge transferring process \[[@bib45]\]. According to the literature, inhibitors adsorb on the metal surface on the basis of the following interactions \[[@bib46]\],1.The electrostatic interaction of the charged inhibitor molecules adsorbed with the charged metal surface2.Interaction of lone pair of electrons in the heteroatom and empty d orbital of the metal surface3.Donor-acceptor interaction between the π electrons in the benzene ring or double/triple bond in the structure of the inhibitor and empty orbital on the metal surface.

The adsorption of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] on mild steel surface may be due to their active centers such as a quaternary N^+^ atom, imidazolium ring, and the hydrophobicity ([Scheme 2](#sch2){ref-type="fig"}). It is well known that mild steel in 1M HCl solution Cl^−^ ions get adsorb on the metal surface due to the small degree of hydration and make the negative charge on the metal surface. Thus, it is reasonable to assure that the negative charge metal surface enables the adsorption of the positive charges in the inhibitor molecules. Furthermore, the adsorption of inhibitors may take place via interaction between the lone pair of electrons on nitrogen atom present in the \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] and the vacant d orbital of the mild steel surface or donor-acceptor interactions between the π electrons (imidazole ring) and vacant d orbital of the mild steel surface demonstrated in [Scheme 2](#sch2){ref-type="fig"}. Since that the inhibitors may be combined with Fe ions to convert Fe-inhibitor complex and adsorbed on the metal surface due to van der Waals force. That could be confirmed by UV spectra \[[@bib35]\]. In addition, the prepared \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] inhibitors contain long alkyl chain and methyl substituent may exhibit stronger corrosion inhibition efficiency. This fact can be explained based on the electron density of the inhibitor \[[@bib46]\]. It can be concluded, the adsorption of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] on mild steel was physical adsorption. Ultimately, their adsorption can block the corrosive ions and thus mild steel was effectively protected.Scheme 2Schematic representation of possible adsorption modes of \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] with mild steel surface.Scheme 2

4. Conclusion {#sec4}
=============

The inhibition performance of synthesized compounds, \[C~16~M~1~Im\] \[Br\] and \[C~16~M~2~Im\] \[Br\] on mild steel in 1M HCl was studied for weight loss, electrochemical measurements, UV and surface studies. The following conclusions can be deduced; Inhibition efficiency increases with increasing inhibitor concentrations and decreases with increasing temperature. It reaches maximum inhibition efficiency, 95.35% and 90.67% for \[C~16~M~2~Im\] \[Br\] and \[C~16~M~1~Im\] \[Br\]. Electrochemical polarization results exhibit that the used inhibitors are mixed type, but predominantly exhibited the anodic inhibitive effect. Impedance studies indicate charge transfer resistance increased with increasing inhibitor concentrations, suggests inhibitor adsorbed on the surface of the metal. The inhibitors adsorbed on the mild steel surface obey the Langmuir isotherm. The formation of the \[MS-Inhibitor\] complex in the mild steel specimen was confirmed by UV spectra. An SEM-EDAX and AFM result confirms a protective layer formed on the mild steel surface. Inhibition efficiency follows the order of \[C~16~M~1~Im\] \[Br\] \< \[C~16~M~2~Im\] \[Br\], which is correlated with methyl substituents increase the electron density of the inhibitor compound.
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